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Introduction

Cancerns a diseasdhat startswhena cell in our body breaks
awayfrom therulesof cooperatiorandhomeostasismposed
by multicellularity and starts acting as an independent
evolutionary entity. As a cell that has lost homeostatic
constraintsdivides, its progeny(clone) acquiresgeneticand
epigeneticalterationsgeneratingnovel phenotypicvariants
(subclones) This subclonal diversification enables a
selectionfor morefit variants,which canleadto evolutionof
malignancy through selectiondriven expansion of
subpopulationghathaveacquirednallmarksof cancersSulz
clonal diversification generatesgenetic and phenotypic
Intratumor Heterogeneity(ITH), which correlatesto poor
prognosisandcontributedo treatmentailure. Understanding
the basicrules that govern the somaticevolution and how
ITH Is maintainedn the faceof subclonalcompetitionis the
key to moreeffectivetumorpreventionrandtherapies
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Ghe purpose of this work is to examine how non-cellular
autonomous engineering impacts the creation and
maintenance of ITH by using an agentbased model of

_tumor growth. )

Model Description

Cell Phenotypes

Therearethreecell phenotypesvithin the model,which canchangevia
driver mutationsA samplephenotypidrajectoryis shownbelow
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Py * Cells that can produce a public good.
C,\'\Eﬁ/ * Represent the cells that create new space
e for the tumor.
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. Basic Cells *  Enzyme production rate depends on # of

*  50% proliferation rate.

Initial cells in simulations. drivers.

* Represent the cells that
mutated enough to begin a
tumor.

*  50% proliferation rate.

* 0% enzyme production rate.

*  Cells that have increased fitness.
* Represent the cells that optimize space
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consumption in a tumor.

Proliferative Driver Mutation

* Proliferation rate depends on # of drivers.
* 0% enzyme production rate.
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Rules of Engineering

Engineeringcells can produceextracellularmatrix (ECM) degrading
enzymesallowing thetumorto accesgreviouslyunavailablespace
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. EngineeringCells . Proliferative Cells

1) No engineers are present )
ECM remainsintact.

2) Some engineersare present,
but thereare only a few local
to theECM.

ECM remainsintact.
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Many engineersare local to
theECM. ECM Is degraded
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Enzyme
Concentration

Model
Environment

Circles highlight areas where engineersthat produced insufficient
enzymeto removethe nearbyECM arelocated
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Successful EngineeringEngineers

Characterizationof Simulations

All simulationswere run with the sameparametergor mutationrate,
deathrate, ECM strength,ect All simulationswererun in 4 different
subdomainsizesto examinethe effects of engineeringwith different
amountsof ECM presentOutcomesof the simulationswereinherently
stochasticandcharacterizedh thefollowing manner

broke the initial ECM
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Failed Engineering: Engineers failed to break the initial ECM
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Results

Tracking ITH within simulations

Selection Driven Phenotypic Succession

Patternsof ecological successionwere observedwithin the model,
which is an importantemergentbehavior,asit is anotherclearsign of
the stringentselectionwithin the model
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Analysisof ITH

Non-cellular Autonomous Engineering Promotes
Neutral-like Expansions

Analysis of the clonal heterogeneityover time was done by creating
muller plots using Evo Freqg The plots were visualizedwith a clonal

frequency threshold of 10%, correspondingto ~20x genome
sequencinglepthof bulk sequencindassumingneardiploid genome),
and 1%, reflectinghigherresolutionanalysis Top row in eachpanelis

failed engineeringbottomrow is successfuéngineering

Old Age of clonal population Young

10% Frequency Threshold

1% Frequency Threshold

The muller plots show a distinctive difference when engineeringis
successfulandthe growth patternssharea greatresemblancéo neutral
clonalexpansions

Discussion/Conclusions

Our resultsshow that even though the model usedis one
foundedon the principle of naturalselectionand it exhibits
emergenphenomenorsuchasphenotypicsuccessiomueto
selection, analysis of clonal frequenciesover time still
suggeststhat non-cellular autonomousengineeringcauses
neutratlike clonal expansionsThis suggestghat sampling
approacheshat are often limited to a singletime point with
limited resolution may miss key evolutionary dynamics
within thetumor,

/By tracking heterogeneityin simulations, we were abl)
to observethe following for successfukengineering
T An increasedpeakin phenotypic heterogeneity
T The maintenance of clonal heterogeneity over
time, evenin simulations with small subdomains
Theseobservationsare consistentwith results found In
a mousemodel of non-cell autonomousdriver of tumor
Qrowth, providing more insight on thesetypesof effects./
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